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Abstract
The cDNA library of human pancreatic islets was screened with sera from patients with insulin-dependent diabetes
mellitus (IDDM). From the library screening, we isolated a novel cDNA, RNA helicase-like protein (RHELP), which
exhibited strong sequence homology to p68 RNA helicase, a prototypic member of the DEAD (Asp-Glu-Ala-Asp) box
protein family. Sequence analysis of the cDNA revealed that RHELP contained DEAD sequence motif and other conserved
motifs of the DEAD box protein family, indicating that RHELP is a new member of this family. DEAD box-containing
proteins are involved in the RNA processing, ribosome assembly, spermatogenesis, embryogenesis, and cell growth and
division. RHELP showed 42% and 44% amino acid sequence identity to human p68 RNA helicase and yeast DBP2 RNA
helicase, respectively, among the DEAD box protein family. Northern blot analysis revealed that RHELP is expressed in
most tissues including the liver, lung, tonsil, thymus, and muscle in addition to the pancreatic islets. In vivo or in vitro
functions of RHELP as a putative RNA helicase and its potential role as a diabetic autoantigen need to be further
investigated. ß 2000 Elsevier Science B.V. All rights reserved.
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The p68 protein was ¢rst identi¢ed by cross-reac-
tion with an antibody to the SV40 large T antigen,
one of the well-studied viral oncogenes with intrinsic
DNA helicase activity [1]. The p68 protein is also
highly related to the eIF-4A protein, a factor in-
volved in the translation initiation [2]. The p68 pro-
tein was later found to have DNA and RNA helicase
activity [3]. The amino acid sequence of p68, eIF-4A,
and other related proteins commonly contain Asp-
Glu-Ala-Asp (DEAD) sequences and these proteins
are involved in the RNA processing such as the
RNA unwinding and splicing [4^6]. These structur-
ally and functionally similar proteins containing
DEAD motif are found in a wide variety of species
ranging from bacteria to higher animals, constituting
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a DEAD box protein family. This protein family is
involved in spermatogenesis, embryogenesis, and cell
growth and division, in addition to RNA processing
[4,5,7].
In the current study, we screened the lambda
phage cDNA expression library of human pancreatic
islets with sera from insulin-dependent diabetes mel-
litus (IDDM) patients in order to isolate the uniden-
ti¢ed diabetic autoantigens. From the library screen-
ing, we isolated a novel human cDNA clone, RNA
helicase-like protein (RHELP), which strongly re-
acted with a small number of diabetic sera. The
cDNA clone showed signi¢cant sequence homology
to the human p68 RNA helicase, a prototypic mem-
ber of the DEAD box protein family. RHELP con-
tained DEAD motif and other conserved sequence
motifs of the DEAD box protein family, indicating
that RHELP is a new member of this protein family.
Tissue distribution of RHELP mRNA was also eval-
uated.
For the construction of human pancreatic islets
cDNA library, human islets were obtained from
brain-dead patients by a modi¢cation of the auto-
mated method for human islet isolation [8]. Brie£y,
350 ml of Hanks’ bu¡ered salt solution (HBSS) con-
taining 0.8 mg/ml collagenase solution (liberase,
Boehringer-Mannheim, Mannheim, Germany) was
injected through the pancreatic duct after cannula-
tion. The pancreas was loaded into a stainless steel
digestion chamber, and islets were separated during a
continuous digestion process for 30^45 min. During
the recirculation phase (£ow rate, 85 ml/min), intra-
chamber temperature increased at a rate of 2‡C/min
by the passage of the solution through a stainless
steel coil immersed in a water bath (50‡C). The
chamber containing the distended pancreas was gen-
tly agitated and samples were taken every 2 min to
monitor the digestion. After 20^30 min of recircula-
tion, digestion was stopped by diluting in 400 ml/min
ice-cold HBSS. In this phase, the digested tissue was
rapidly collected in sterile bottles containing 200 ml
FCS. Puri¢cation of the islets was carried out over
discontinuous Euro-Ficoll gradients (1.108, 1.096,
1.037 and HBSS). Puri¢ed islets were then washed
twice, and evaluated for purity by dithizone (Sigma)
staining. More than 85% of the isolated cells were
stained by dithizone. Total RNA was isolated from
human pancreatic islets obtained from the brain-
dead donors by guanidinium thiocyanate-acid phe-
nol-chloroform extraction as previously described
[9]. Poly(A) RNA was puri¢ed by the selection
with biotinylated oligo(dT) and streptavidin coupled
to paramagnetic particles (Promega, Madison, WI,
USA). The cDNA library was constructed by using
a ZAP Express-cDNA synthesis kit (Stratagene, La
Jolla, CA, USA) according to the manufacturer’s
protocol. Brie£y, the ¢rst strand cDNA was synthe-
sized from 5 Wg of poly(A) RNA with Moloney-
murine leukemia virus reverse transcriptase and
XhoI-linked oligo(dT) primers in the presence of
methyl nucleotides, followed by the second strand
synthesis with RNase H and DNA polymerase I.
After the double-stranded cDNA was blunt-ended
with dNTP and T4 DNA polymerase, the cDNA
was ligated to EcoRI linkers, then digested with
XhoI. Sephacryl column-puri¢ed cDNA fragments
were ligated into the EcoRI and XhoI sites of the
bacteriophage lambda vector arms (ZAP-Express).
Ligated vectors were packaged using Gigapack II
Gold extracts, followed by an ampli¢cation of the
library in the Escherichia coli Sure strain to yield
5U109 plaque-forming units/ml.
The screening of the phage library with sera was
performed as previously described with some modi-
¢cations [10]. In brief, phage library of total 5U105
clones was plated on LB agar and incubated at 42‡C
for 4 h, then overlaid at 37‡C for 3 h with 10 mM
IPTG-impregnated nitrocellulose membranes
(Schleicher and Schuell, Dassel, Germany). Plaque
lifts were initially screened with pooled sera, which
were diluted 1:200 in 20 mM Tris-HCl (pH 7.5) 150
mM NaCl (TBS) containing 1% BSA and repeatedly
preabsorbed with E. coli lysate. After the incubation
of plaque lifts with diluted sera at 25‡C for 1 h,
bound antibody was detected by sequential incuba-
tions at 25‡C with alkaline phosphatase-conjugated
goat anti-human IgG antibody (DAKO, Carpenter-
ia, CA, USA), and then with chromogenic substrates
(NBT and BCIP; GibcoBRL, Gaithersburg, MD,
USA). Membranes were washed three times with
TBS containing 0.05% Tween 20 after each incuba-
tion. Positive clones were isolated by the secondary
and tertiary screening, which were carried out in the
same manner as the initial screening. The sera used
in the library screening were obtained from the pa-
tients with IDDM who visited the Division of Endo-
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crinology and Metabolism, Samsung Medical Center.
The study was conducted with informed consent
from the blood donors. Positive phage clones from
the library screening were subjected to in vivo exci-
sion by ExAssist helper phage coinfection (Strata-
gene) according to the manufacturer’s instructions.
The pBK-CMV phagemids containing cDNA inserts
were sequenced with T3 and internal primers using
automated sequencing system (ABI 377; PE Applied
Biosystems, Foster City, CA, USA). Determined nu-
cleotide sequences were subjected to a database sim-
ilarity search using the BLAST program (GCG, Uni-
versity of Wisconsin, WI, USA). Other sequence
analyses were done using the DNASIS program (Hi-
tachi Software Engineering).
For Northern blot analysis, total RNA was iso-
lated from tissues and a cell line as previously de-
scribed [9]. Northern blot analysis was carried out
essentially as described [11]. Isolated total RNA
(20 Wg per sample) was electrophoresed in a 1.0%
agarose gel containing 0.7% formaldehyde, 20 mM
3-(N-morpholino) propanesulfonic acid (MOPS),
5 mM sodium acetate, and 1 mM EDTA. RNA
was transferred to the Nytran membrane (Schleicher
and Schuell, Keene, NH, USA). After UV crosslink-
ing, the membranes were hybridized with a cDNA
probe ([K-32P]dCTP, 106 cpm/ml), which was pre-
pared by digesting a pBK-CMV phagemid harboring
the human RHELP cDNA with PstI to liberate a
610 bp fragment of RHELP cDNA. The membranes
were then washed at 65‡C, dried, and exposed to
X-ray ¢lms.
Recombinant RHELP protein was produced by
using the Bac-to-Bac baculovirus expression system
(GibcoBRL). Brie£y, a full-length RHELP cDNA
was cloned into a pFastBacHTa expression vector
with a compatible reading frame. Automatic nucleo-
tide sequencing using a commercial kit (ABI 377, PE
Applied Biosystems) was carried out to con¢rm the
correct reading frame of the ligated plasmid. Com-
petent DH10Bac E. coli was then transformed with
the recombinant plasmid. Recombinant Bacmid
DNA isolated from transformed E. coli was used
for the transfection of Sf9 insect cells. Recombinant
baculovirus particles produced by transfected cells
were titrated and used for infecting insect cells for
the expression of the recombinant protein. The ex-
pression of recombinant RHELP protein was con-
¢rmed by the Western blot analysis of insect cell
lysate using the anti-HisWTag antibody (Novagen,
Madison, WI, USA) and ECL detection (Amer-
sham). After a large scale culture of insect cells in-
fected with the recombinant baculovirus, histidine-
tagged RHELP protein was puri¢ed using the Ni-
NTA resin column (Invitrogen, San Diego, CA,
USA). In some experiments, the cleavage of histidine
residues from the recombinant protein was done by
using TEV protease (GibcoBRL) according to the
supplier’s instructions.
Reactivity of recombinant RHELP protein to the
diabetic sera was evaluated by western blot analysis.
After 10% SDS-PAGE of recombinant RHELP pro-
tein, the protein was transferred to the nitrocellulose
membranes, which were then cut into strips. The
strips were sequentially incubated with either diabetic
patient sera or normal human sera (diluted 1:100),
and alkaline phosphatase-conjugated anti-human
IgG antibody (DAKO) followed by chromogenic de-
tection using NBT and BCIP (GibcoBRL).
The RHELP cDNA clone was isolated by the ex-
pression screening of a human pancreatic library
with sera from diabetic patients. Restriction diges-
tion of the RHELP clone revealed the insert size to
be V3.3 kb. Nucleotide sequence of the insert was
determined to predict that RHELP encodes the poly-
peptide of 709 amino acid residues, based on the
assumption that the ¢rst in-frame ATG codon is
the start codon (Fig. 1). The amino acid sequence
of RHELP contained sequence motifs typically
found in the DEAD box protein family including
ATP binding (AööGKT), ATP hydrolysis/RNA
unwinding (DEAD, SAT), and ATP hydrolysis/
RNA binding motifs (HRIGR^R) [5,12,13]. Data
base sequence similarity search using the BLAST
program and sequence alignment revealed that de-
duced amino acid sequence of RHELP was highly
homologous to human p68 and other DEAD box
protein family (Fig. 1). Among the DEAD box pro-
tein family, RHELP showed 42%, 41%, 31%, 29%,
and 44% identity to human p68 [2], human p72 [14],
human DDX1 [15], human RCK/p54 [16], and yeast
DBP2 [17], respectively. RHELP also showed signi¢-
cant sequence homology to mouse eIF-4A [18] and
E. coli DbpA [19] (data not shown). These results
strongly suggested that RHELP is a new member
of the DEAD box protein family, which has been
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known to be involved in many aspects of the RNA
metabolism including translation initiation, ribosome
biogenesis, and RNA splicing. A strong sequence
homology to human p68 and yeast DBP2 also indi-
cated that RHELP belonged to a subclass of DEAD
box family containing scDbp2, spdbp2, Rm62, and
p68 [4].
To investigate the expression of RHELP, North-
ern blot analysis of mRNA from di¡erent human
tissues was carried out (Fig. 2). Human RHELP
cDNA probe speci¢cally hybridized with the V3.3
kb band in most tissues. A strong expression was
detected in the brain, lung, thymus, pancreatic islets,
and HeLa cells. In the liver, tonsil, and muscle, a
low-level expression was detected after a prolonged
exposure, suggesting ubiquitous expression of
Fig. 1. Alignment of amino acid sequences of RHELP and other members of the DEAD box protein family. Amino acid sequences
of RHELP and other members of DEAD box protein family were aligned using the CLUSTAL-W 1.5 multiple sequence alignment
program. Asterisks indicate consensus sequences. The sequence motifs of RHELP conserved in the DEAD box protein family are
bold-typed and underlined. Gaps (-) are introduced to achieve maximum homology. GenBank data base accession numbers of the se-
quences cited for comparison are as follows. Human p68, X15729; human p72, U59321; and yeast DBP2, L11574. The nucleotide se-
quence of 3347 bp of RHELP has been deposited in GenBank with accession number AF083255.
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RHELP gene (data not shown). RHELP gene was
transcribed in most tissues as a single major mRNA
species with a size that correlated with our cloned
cDNA.
Recombinant RHELP protein was expressed using
a baculoviral expression system. After subcloning of
entire coding region of RHELP cDNA into a bacu-
loviral vector, recombinant RHELP protein was pro-
duced in the Sf9 insect cells infected with the re-
combinant baculovirus. The expression of histidine-
tagged recombinant RHELP protein was evaluated
by Western blot analysis using the anti-HisWTag anti-
body (data not shown). The expressed recombinant
RHELP protein was puri¢ed to homogeneity using
the Ni-NTA column. When the puri¢ed protein was
analyzed by SDS-PAGE, two bands were detected
(Fig. 3). Because two bands of similar sizes were
also detected in the anti-HisWTag Western blot (data
not shown), we tested to see whether the lower mo-
lecular weight band was merely a degraded form of
the higher molecular weight band. When the puri¢ed
protein was left at 4‡C up to 3 days, the upper band
slowly disappeared. On the other hand, the intensity
of the lower molecular weight band increased, indi-
cating spontaneous degradation of RHELP protein.
In the current study, we report the isolation of
human RHELP cDNA, a new member of the
DEAD box protein family. RHELP showed strong
sequence homology to the human p68 RNA helicase
among the DEAD box protein family. This
prompted us to determine whether RHELP protein
has RNA-dependent ATPase activity. We could not
demonstrate a signi¢cant ATPase activity of RHELP
in the presence of various RNA species in vitro. This,
however, does not necessarily mean that RHELP
does not carry out functions related to the RNA
unwinding in vivo or in vitro. The assay condition
that we used may not be optimal in detecting RNA-
dependent ATPase activity of the speci¢c protein in
vitro. RHELP protein may require a particular RNA
species for its ATPase activity, as E. coli DbpA pro-
tein absolutely requires 23S rRNA for its activity to
hydrolyze ATP [19]. Alternatively, the protein may
be highly unstable as a puri¢ed form, so that it may
require other factor(s) to keep its structure or activity
intact. Thus, the highly puri¢ed RHELP protein
might have lost its activity. Our observation of spon-
taneous degradation of puri¢ed RHELP protein sup-
Fig. 3. Expression and puri¢cation of recombinant RHELP
protein. Recombinant RHELP protein expressed in Sf9 insect
cells was puri¢ed to homogeneity using Ni-NTA column. Puri-
¢ed protein was analyzed by 10% SDS-PAGE. Lane 1 and 2 in-
dicate RHELP protein before and after column puri¢cation, re-
spectively. The puri¢ed protein was left at 4‡C for 5 min (lane
3), 1 h (lane 4), 3 h (lane 5), or 3 days (lane 6) before SDS-
PAGE. The arrows indicate recombinant RHELP protein
tagged with histidine residues.
Fig. 2. Assessment of RHELP expression in various human tis-
sues and HeLa cell line. Tissue distribution of RHELP was
evaluated by Northern blot analysis. Total RNA isolated from
di¡erent tissues was blotted onto the membrane, which was
then probed with a 610 bp restriction fragment of RHELP
cDNA. The arrow indicates presumed RHELP mRNA. Ethidi-
um bromide staining of total RNA is shown to con¢rm equal
loading of RNA.
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ports this possibility. Northern blot analysis showed
that RHELP was expressed in a wide variety of tis-
sues, implying a general physiological function of the
protein. As DEAD box protein family is involved in
various biological processes including spermatogene-
sis, embryogenesis, and cell growth and division [4,5],
the biological function of RHELP in these aspects as
a new member of the DEAD box protein family
needs to be further investigated.
This study was ¢rst intended to isolate unidenti¢ed
diabetic autoantigens by a molecular approach. In
autoimmune diabetes, pancreatic islets are destroyed
by chronic autoimmune responses to islet cells and
autoantibodies to various islet antigens are detected
in a large panel of diabetic sera [20]. Although
pathological implications of the autoantibodies are
not well elucidated, the presence of autoantibodies
in the sera of patients has been used as a diagnostic
marker for autoimmune diabetes. Characterization
of the autoantigens responsible for islet destruction
will greatly enhance our understanding of the patho-
genic mechanism of autoimmune diabetes. Molecular
approaches have been used for the identi¢cation of
some of these diabetic autoantigens including IA-2
and carboxypeptidase-H [21^23]. However, RHELP
isolated in the current study using a similar approach
did not appear to be one of the major diabetic auto-
antigens. Among the 60 diabetic sera tested, only two
sera reacted with the recombinant RHELP protein in
Western blotting (data not shown). Further studies
are required to test whether RHELP acts as a genu-
ine autoantigen in autoimmune diabetes and, if it
does indeed, how prevalent RHELP autoantibodies
are in diabetic patients.
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